Chorioamnionitis is an important risk factor for vertical transmission of HIV/AIDS. We compared the prevalence and correlates of histologic chorioamnionitis (HCA) in HIV-positive and HIV-negative pregnant women. HIV-positive and -negative parturients were interviewed, examined and had their placentas examined histologically for chorioamnionitis. Data regarding HIV were also retrieved from their hospital records. A total of 298 parturients (150 HIV positive and 148 HIV negative) were enrolled. The two groups were similar in socio-demographic and obstetric parameters except for age. The prevalence of HCA was 57.1% in HIV-positive women and 61.6% in HIV-negative women (p ¼ 0.43). HCA staging was associated with the number of intrapartum vaginal examinations in HIV-positive subjects and nulliparity in HIV-negative subjects. The number of intrapartum vaginal examinations and coitus in the week prior to delivery significantly affected the grade of HCA in HIV-negative subjects. The prevalence of HCA in both HIV-positive and HIV-negative is high. Most variables did not affect the occurrence of HCA in both groups studied except number of intrapartum examinations, coitus in the preceding one week and nulliparity, which were related to severity of the disease.
Introduction
HIV/AIDS is a global problem of frightening proportions. More than 95% of HIV-infected individuals live in the developing world, predominantly in sub-Saharan Africa. Despite the fact that prevention of mother-to-child transmission (PMTCT) has been depicted as a milestone in the fight against AIDS, mother-to-child transmission of HIV is the commonest cause of paediatric HIV/AIDS. 1, 2 Risk factors for perinatal HIV transmission include maternal factors like high viral load, low CD4 count, advanced disease, sexually transmitted infections, obstetric factors like prolonged rupture of membranes, use of foetal scalp electrode and chorioamnionitis. [3] [4] [5] [6] [7] [8] Others include infant factors like prematurity, first-born twin, breastfeeding and viral factors like co-receptor mutation and HIV genotype. [3] [4] [5] [6] [7] [8] Chorioamnionitis is the infection of the membranes and amniotic fluid, with clinical signs and symptoms indicative of such infection and has been reported to complicate 0.9-10% of pregnancies. 9 A higher incidence of chorioamnionitis has been found in women with AIDS. 10 Prevalence range of 8.8%, 9.8%, 13.1% and 36% has been reported for chorioamnionitis amongst various groups of HIV-positive women. 6, 8, 11, 12 Chorioamnionitis is an important risk factor for vertical transmission of HIV/AIDS in that it is a risk factor on its own and also pre-disposes to other risk factors for the perinatal transmission of HIV/ AIDS. [3] [4] [5] [6] [7] [8] 13 Complications of chorioamnionitis include preterm labour, pre-labour amniorrhexis, pre-maturity, neonatal sepsis, and some of these are all risk factors for vertical transmission of HIV. 9, 11, 12, 14, 15 Diagnosis of this condition is usually clinical, hence the treatment of chorioamnionitis among the obstetric population, including HIV-positive women, is still limited to those with acute clinical disease, though it is an established fact that subclinical and clinical acute and chronic chorioamnionitis facilitate vertical HIV transmission. In view of the adverse association between chorioamnionitis and the vertical transmission of HIV during pregnancy, empirical treatment of all HIV-infected mothers with antibiotics during delivery has been considered by some researchers. 16 Another strategy is the correction of factors associated with chorioamnionitis, particularly in the setting of high HIV seroprevalence.
Despite this scenario and the high prevalence of HIV/AIDS in our environment, few studies have been done on chorioamnionitis and HIV in Nigeria. Hence, we sought to find out if there is a statistically significant difference in the prevalence of chorioamnionitis between HIV-positive and HIV-negative pregnant women and factors that may influence this difference.
Materials and methods

Study area and design
This was a cross-sectional study carried out at the delivery suite of the Jos University Teaching Hospital (JUTH), Plateau State Specialist Hospital, Bingham University Teaching Hospital and Faith Alive Hospital, all in Jos. These are all 'President's emergency plan for AIDS relief' (PEPFAR) sites. The laboratory examinations were carried out at the histopathology laboratory of JUTH, Jos.
Study subjects
The study subjects were recruited consecutively as they presented to the delivery suites of the respective hospitals. The study participants were all consenting HIVpositive parturients and HIV-negative parturients to serve as controls. The study subjects had their placenta biopsied immediately after delivery and evaluated for chorioamnionitis.
Sample size determination
The sample size for the study was determined using a prevalence of chorioamnionitis among pregnant women of 10%. 9 This yielded a sample size of 140 HIV-positive and 140 HIV-negative parturients. However, 148 HIV-negative and 150 HIV-positive pregnant women were eventually recruited for the study.
Data collection
A questionnaire was administered to all the participants recruited for the study to obtain biodata and obstetric history. Other relevant maternal obstetric information were obtained from the participants' case notes and included duration of rupture of membrane, number of intrapartum vaginal examinations, duration of labour, route of delivery and post-partum maternal stay calculated from time of delivery to discharge.
The participants were also examined for fever (temperature ! 37.2 C), uterine tenderness, maternal tachycardia (!100 beats per min), foetal tachycardia (! 160 beats per min) and foul-smelling amniotic fluid.
Placenta from each participant was examined fresh immediately after delivery. Placental samples were taken from the centre close to the site of umbilical cord insertion, midway between cord insertion and placental margin and from the periphery of the placenta, each of which included the centre of the placental lobule, chorionic plate and decidual floor. A piece of rolled up extraplacental membrane was also taken for examination. These samples were then fixed in formalin (10% NBF) for at least 24 h.
Histologic findings of all placentae were recorded using standardised protocol. Histologic examination was done by two pathologists who were blind to participants' HIV status.
Histological examination of placenta
Sections of these specimens were cut and placed in tissue cassettes, subsequently passed through routine histological processing, i.e. through series of reagents (formaldehyde, alcohol, wax and xylene) and processed into paraffin-embedded tissue blocks. Sections 3-4 mm thick were cut from the paraffin-embedded blocks and placed on glass slides. These were then stained with haematoxylin and eosin and subsequently examined by routine light microscopy.
Diagnosis of chorioamnionitis
The diagnosis of chorioamnionitis was based on the modified criteria reported by Naeye et al. 17 Histologic chorioamnionitis was identified as inflammatory infiltrate of neutrophils at two or more sites in the chorionic plate and extra-placental membranes in all the placental sections. This inflammatory process was classified both by stage and grade. In stage 1, the neutrophils were attached to the underside of placental plate. Stage 2 was identified when there was extension of neutrophils into the plate while in stage 3, the neutrophils extended to the amnion. The grade of the chorioamnionitis was determined by the number of neutrophils attached to or infiltrating the plate. In grade 1 there were <10 neutrophils per microscopic high-power field; in grade 2, 10 to 30 neutrophils; and in grade 3, > 30 neutrophils.
Data analysis
Data analysis was done using EPI info version 3.3.2 statistical software. Continuous variables were presented as means AE SD while discrete variables as proportions. The Student's t-test was used to compare group means of uniformly distributed continuous variables. The non-parametric test, Mann-Whitney U, was used to compare non-uniformly distributed continuous variables. The Pearson's Chi-Squared was used to compare proportions. Fisher Exact was used when cells had less than five observations. p values < 0.05 were considered significant.
Ethical considerations
The study was approved by the Human Research Ethics Committees of the participating hospitals for the study. Informed consent was obtained from the patients prior to administration of the questionnaires, examination and specimen collection. Data were anonymised and kept secure for analysis.
Results
Characteristics of study subjects
A total of 298 parturients (150 HIV-positive and 148 HIV-negative) were enrolled from the labour ward of four large hospitals that provide PMTCT services in Jos metropolis. All subjects had complete data for analysis.
The characteristics of the study population are as shown in Table 1 . The mean age of HIV-positive women was 31 AE 4 years, while that of HIV-negative women was 28 AE 6 years (p < 0.0001). The socio-demographic and obstetric features of the HIV-positive and -negative subjects were comparable. Only three of the HIV-positive subjects were not on antiretrovirals.
None of the patients had fever or uterine tenderness and only one patient (with HIV) had foul-smelling liquor.
Only three HIV-positive women and two HIV-negative women with pre-labour rupture of membrane (PROM) received antibiotics.
The majority of the patients could not reliably determine duration of labour as their estimates ranged from 20 min to 1 week.
Prevalence of chorioamnionitis
The prevalence of histological chorioamnionitis was 57.1% among HIV-positive women and 61.6% among HIV-negative women. However, there was a statistical difference in the grade of histological chorioamnionitis between the two groups with less severe histological chorioamnionitis being more common in the HIV-negative women. The stage of histological chorioamnionitis was similar in the two groups of women. The prevalence, staging and grading of histological chorioamnionitis in the study subjects are shown in Table 2 . None of the subjects was clinically diagnosed to have chorioamnionitis.
Correlates of histological chorioamnionitis in HIV-positive subjects
The correlates of histological chorioamnionitis (HCA) in HIV-positive subjects are shown in Table 2 . The mean age, educational status, parity, abortions, gestational age, history of PROM, number of vaginal examinations intrapartum, condom use, coitus within one week prior to delivery, history of antibiotic use and CD4 count did not significantly affect the presence of chorioamnionitis. Subjects without chorioamnionitis had more female babies (p ¼ 0.019). Similarly, the mean birth weight in those without HCA was significantly lower than those with HCA.
Correlates of histological chorioamnionitis in HIV-negative patients
The correlates of histological chorioamnionitis in HIV-negative women are shown in Table 2 . The table shows that the variables of age, educational status, parity, abortions, gestational age, history of coitus in the preceding one week before delivery, history of PROM, history of labour, mode of delivery, number of intrapartum vaginal exam, sex and birth weight did affect the distribution of histological chorioamnionitis in HIV-negative women. Tables 3 and 4 show the severity of chorioamnionitis in HIV-positive and HIV-negative subjects, respectively. The number of intrapartum vaginal examination was associated with the staging of HCA in HIV-positive women. Intrapartum vaginal examination was also associated with grading and staging of HCA in HIVnegative women.
Correlates of severity of chorioamnionitis
Discussion
The placenta has a fundamental role in the vertical transmission of HIV from mother to foetus. HIV has been associated with increased risk of chorioamnionitis, which in turn is a risk factor for mother-to-child transmission of HIV. The prevalence of chorioamnionitis among HIV-positive and HIV-negative pregnant women in Jos and the impact of various variables on this were assessed. This study shows that the prevalence of chorioamnionitis in the study population was high and similar in the two groups of patients (57.1% and 61.6% of HIV-positive and HIV-negative subjects, respectively). This finding is higher than 11.4% and 11.5% reported by Torricelli et al. 18 and Cuna et al. 19 but similar to the findings of Curtin et al. 20 (57.3%). However, these studies were done in term pregnancies, unlike this current study which included preterm pregnancies.
An incidence of 8.8% of HCA has been reported from Mombasa, Kenya, among HIV-positive women. 6 Other studies have reported increased incidence of chorioamnionitis amongst HIV-positive women as opposed to HIV-negative women. 15, 21 This however, was not the finding in this study. This may probably be due to the fact that HIV-positive pregnant women are now on HAART routinely.
None of the patients had clinical chorioamnionitis, which reflects that all the cases of chorioamnionitis were subclinical. Subclinical/histological chorioamnionitis occurs more commonly than clinical chorioamnionitis. Nevertheless, the presence of histologic chorioamnionitis does not by itself guarantee the presence of significant infectious process as has been reported from other studies. 9, 18 These studies showed that only a small proportion of placentae with histologic chorioamnionitis had evidence of any infection. They concluded that histological chorioamnionitis in term infants is often a result of non-infectious inflammatory process. 9, 18 Different factors have been known to contribute to or affect the development of chorioamnionitis in pregnancy. Chorioamnionitis has been known to occur more frequently among women of low socioeconomic status. 22 The educational status of an individual has been used as a good indicator of his/her socioeconomic status. This study showed that there exists a trend towards a significant association between the presence of HCA and educational status among HIV-positive subjects. However, this observation was not reproduced among HIV-negative subjects. Many reasons could have accounted for this disparity but the association of HIV and HCA is expected as HIV is largely known to be associated with poverty. It is also possible that the relatively small samples studied could have impacted the findings of this study.
The study also did not show any relationship between parity and the presence of HCA in both HIV-positive and -negative subjects. This is similar to the findings of Mwanyumba et al. 6 and Smulian et al., 9 where parity did not significantly affect the presence of HCA. However, nulliparity has been reported to be associated with the development of chorioamnionitis. 22 This association of nulliparity with HCA was only significant for the subjects without HIV with regard to staging of HCA in our study as shown in Table 4 (p ¼ 0.03).
Histologic chorioamnionitis has been reported to be inversely proportional to gestational age. It has been implicated as a causative factor of preterm deliveries while preterm deliveries are also said to be frequently complicated by choriamnionitis. 23 It is known that the incidence of chorioamnionitis increases with decreasing gestational age especially before 30 weeks. However, gestational age did not have any effect on HCA in this study. It could be because majority of the patients were term as the mean EGA of the study subjects was 39 AE 2 weeks.
This study demonstrated that sex and weight of the baby were significantly associated with HCA in HIVpositive subjects only. From the study of Smulian et al., 9 birth weight had a significant relationship with HCA but no relationship with the sex of baby. While this study showed that babies born to women with HCA were heavier than those born to women without, Smulian et al. 9 found the converse. The conflicting reports associating sex of baby and birth weight with HCA may just be epidemiological.
Prolonged labour has been implicated as a risk factor for developing chorioamnionitis. Labour lasting 12 h or more has been associated with a four-fold increase in risk of chorioamnionitis. 23 In this study, the majority of the patients could not assess how long they had been in active phase of labour. However, the effect of labour on HCA was assessed and was found to have no significant effect. This is similar to the findings of Smulian et al. 9 Also, vaginal delivery has been associated with the increased risk of developing chorioamnionitis, probably because of the longer time in which the inflammatory process can occur. 9 The mode of delivery in this study did not seem to impact the presence of HCA. There was also no internal foetal monitoring done in this study for any of the patients during labour as this is not the practice in our environment. This practice has been said to further increase the risk of developing chorioamnionitis in labour. 9, 23 PROM has been implicated as a major factor in the causation of chorioamnionitis and this has been reported to occur twice as frequent in membranes that ruptured before the onset of labour as those that rupture after labour has started. 24 In this study, PROM had no effect on HCA in both HIV-negative and -positive subjects. This finding is similar to some other reported studies. 6, 12 In association with PROM, more than eight vaginal examination intrapartum increases the risk of chorioamnionitis by five-fold. 24 The median number of intrapartum vaginal examination in this study was 1. However, increased number of vaginal examinations was found to significantly affect the grading and staging of HCA in this study. The association of intrapartum intravaginal examination and grading/staging of HCA confirms previous reports. 19 Recent coitus within one week preceding delivery has been implicated in the development of chorioamnionitis. 25 However, this was not the finding in this study in both the HIV-positive and -negative women. Other studies have also shown like this study that sexual intercourse did not affect the occurrence of chorioamnionitis. 26, 27 The presence of bacterial vaginosis and a previous history of chorioamnionitis have been associated with the development of chorioamnionitis. 28, 29 However, this could not be assessed in this study because patients in our environment are not routinely screened for bacterial vaginosis and chorioamnionitis.
Only eight patients in this study were on antibiotics (two HIV-negative, six HIV-positive) and there was no correlation to the presence/absence of HCA. The study by Smulian et al. 9 did not show any correlation with the use of antibiotics and HCA. However, the number of patients on antibiotics in this study was too few to make meaningful comparison with other studies.
The severity of HIV has been associated with increased risk of developing infectious morbidities including chorioamnionitis. 10 This severity of HIV infection has been measured by the CD4 count and viral load. The findings from this study did not show any increased risk of chorioamnionitis with worsening of the HIV disease as measured by CD4 count and viral load. However, this may be due to the fact that study population was small and also that all the patients, except three, were on HAART.
The severity of chorioamnionitis in this study was assessed by grading, which indicates severity of inflammation, and staging, which indicates the spread of the disease in the placenta. Most subjects (both HIVpositive and HIV-negative) with chorioamnionitis were in grades 1-2 and stages 1-2 of HCA.
The limitations encountered in the study include the fact that it was a cross-sectional study and hence could not establish causality of chorioamnionitis. Additionally, patients were not followed up so it is possible that the effect of established factors related to the development of HCA could not be documented. Also, the relatively small sample size used in the study could have impacted the findings and the utilisation of viral load and CD4 count from the patients folders may have resulted in the lack of apparent association between HCA given that these parameters measured within three months may not be a true reflection of the current CD4 count and viral load.
Conclusion
The prevalence of HCA in both HIV-positive and HIVnegative parturients is high and similar. Only the variables of sex of baby and birth weight are associated with HCA in HIV-positive women, while there were no variables associated with the occurrence of HCA in HIV-negative women. Intrapartum vaginal examination was associated with HCA staging in HIV-positive women and both HCA grading and staging in HIVnegative women, while nulliparity was associated with HCA staging in HIV-negative women. Further studies are needed to assess the significance of HCA and its severity on foetal and maternal outcomes.
